Background: Childhood attention deficit hyperactivity disorder (ADHD) is reported to be more prevalent among socioeconomically disadvantaged groups in various countries. The effect of poverty on child development appears to depend on how long poverty lasts. The timing of poverty also seems to be important for childhood outcomes. Lifetime socioeconomic status may shape current health. Thus, we investigated the effects of household income changes from birth to 4 years on the occurrence of ADHD. Methods: Data were obtained from 18,029 participants in the Korean National Health Insurance cohort who were born in 2002 and 2003. All individuals were followed until December 2013 or the occurrence of ADHD, whichever came first. Household income trajectories were estimated using the national health insurance premium and the group-based model. Cox proportional hazard models were used to compare incidence rates between different income trajectory groups after adjustment for possible confounding risk factors. Results: Of 18,029 participants, 554 subjects (3.1%) were identified as having ADHD by age 10 or 11. Seven household income trajectories within three categories were found. Children living in decreasing, consistently low, and consistently mid-low income households had an increased risk of ADHD compared to children who consistently lived in the mid-high household income group. Conclusions: Children who live in decreasing-income or consistently low-income households have a higher risk for ADHD. Promotion of targeted policies and priority support may help reduce ADHD in this vulnerable group.
Introduction
Attention deficit hyperactivity disorder (ADHD) manifests in childhood with symptoms of hyperactivity, impulsivity, and/or inattention and is often accompanied by other psychiatric disorders (e.g., mood, anxiety, conduct, or oppositional defiant disorder). 1e5 No single risk factor explains the development of ADHD; however, interactions between genetic, social, and environmental factors have been implicated. 6 Although the risk factors are still controversial, childhood ADHD is reported to be more prevalent among socioeconomically disadvantaged groups in various regions of developed countries, including the United States, United Kingdom, and others. 7e15 Studies have consistently found an association between childhood ADHD/behavioral symptoms of ADHD and socioeconomic disadvantage; ADHD symptoms and diagnosis are more common among those from low socioeconomic status (SES) backgrounds. While most research in this field has focused on concurrent associations of SES and ADHD, lifetime SES may shape current health. To this end, various models have been proposed to explain how changes in SES over time may influence childhood health.
In a life-course approach, socially patterned exposures to advantages or adversity throughout development are proposed to influence health. 16, 17 First, the critical period is identified as a developmental stage in which increased sensitivity to external agents may have crucial effects on later health. Second, accumulation of risk throughout the life course suggests that exposures or insults (advantages or adversity) gradually accumulate to increase (or decrease) risk of chronic disease and mortality, and that differences in cumulative lifetime exposure primarily explain observed socio-economic differences in risk of disease. 18, 19 Third, social mobility suggests that individuals may shift social structure categories once or more during the life course. Social mobility is also linked to downward or upward intergenerational or intragenerational mobility, which is a social phenomenon in its own right and should be considered a potential risk factor of disease. 20 In particular, previous studies have found that the effect of poverty on child development appears to depend on how long poverty lasts. 21, 22 The timing of poverty also may be important for childhood outcomes. 21, 22 The association between adversity and problems in child development may occur as young as the age of 3e5 years. 23, 24 During early childhood, when emotional, social, and cognitive development takes place through observation, experiences, and communication with others, environmental factors play a crucial role. 25 Thus, exposures to different family environments during early childhood may affect healthy (or unhealthy) development. In this context, we investigated the relationship between household income trajectory during early childhood and occurrence of childhood ADHD via national health insurance cohort data. We addressed two research questions: (a) how household income fluctuates during childhood in Korea, and (b) how changes in household income affect childhood ADHD.
Methods

Data collection and participants
Data were acquired from the Korean National Health Insurance Cohort Database (KNHICD) from 2002 to 2013, including information on approximately one million Korean people (eAppendix 1). The KNHICD offers nationally representative cohort data on the entire Korean population to trace characteristics over time, reveal epidemiologic causes of disease, and develop health policies. The KNHICD used a 2.5% (n ¼ 1,025,340) stratified random sampling method, including age, sex, residence, health insurance type, household income decile (obtained through health insurance premiums), and individual total medical costs in 2002. In addition, the structure of the cohort data was semi-dynamic, such that about 9000 newborn infants were added using stratified random sampling every year (the same sampling method as with the first wave) to preserve the national representativeness of the original sample by replacing those lost due to death or emigration over time. Unique de-identified numbers for patients, age, sex, type of insurance, diagnoses according to the International Classification of Diseases (ICD-10), medical costs, and prescribed drugs were included. In addition, the unique de-identified number was linked to mortality information from the Korean National Statistical Office.
This study adhered to the tenets of the Declaration of Helsinki. The study design was reviewed and approved by the ethics board of the Graduate School of Public Health at Yonsei University (2-1040939-AB-N-01-2014-239).
We 
Diagnosis of ADHD and follow-up
Diagnostic status was based on clinical diagnoses extracted from the KNHICD (ICD-10 codes F90.x or F98.8) (n ¼ 556). We did not consider those who received an ADHD diagnosis before age 3 (n ¼ 2) because diagnoses are usually made after age 3. Date of diagnosis was defined as date first recorded. All individuals were observed from birth until December 31, 2013 (10 or 11 years), or until a diagnosis of ADHD or death, whichever came first.
Socioeconomic status (household income)
We used the yearly average insurance premium as a proxy for household income. In Korea, individuals qualify for medical aid if household income is less than $600 per month. If household income is more than $600 per month, individuals qualify for national health insurance. In the dataset, individuals who qualified for national health insurance were distributed between the 1st and 100th percentile for yearly income, while those who had medical aid were classified as zero percentile. We classified household income into the following: (1) low income (medical aid/below the 30th percentile), (2) middle-low income (31ste50th percentile), (3) middle-high income (51ste80th percentile), and (4) high income (81ste100th percentile). Household income trajectory classes were observed for children at age 3 years (i.e. 0, 1, 2, and 3 years old) using a group-based model.
Covariates
Demographic factors (sex and region) and co-morbidity of ADHD (identified by reviewing medical histories) were included. Low birth weight was identified from medical records (ICD-10 codes P07.x) after birth. Conduct disorders (aggressive disorder, oppositional defiant disorder), emotional disorders (anxiety, depression), social disorders, tic disorders, autism spectrum disorders, and developmental disorders were identified based on previous literature. 26 Comorbid diagnoses of conduct disorder or oppositional defiant disorder (codes F91.x), emotional disorders (codes F93.x), social disorders (codes F94.x), tick disorders (codes F95.x), autism spectrum disorders (codes F84.0, F84.1), and developmental disorders (codes F80.x, F81.x, F82.x, F83.x, F88.x, F89.x) were obtained for all cohort members from KNHICD. In addition, intellectual disability was included in this study. In South Korea, a diagnosis of intellectual disability is based on a sum score of the social maturity scale and intelligence quotient score below 70.
Statistical analysis
Distributions of general characteristics at baseline were determined. Household income trajectories were created using a groupbased trajectory modeling approach within the TRAJ macro in SAS (SAS Institute, Cary, NC, USA). 27, 28 We fit the income trajectory model to the censored normal distribution. In addition, we used the Bayesian information criterion to determine the number of groups (eTable 1). For each child, the posterior probability of membership in each trajectory group was calculated, and children were assigned to the household income trajectory for which they had the highest probability. The mean probability of final group membership was 0.91 (range 0.88e0.95 across groups). The resulting category was then included as a predictor in Cox proportional hazard regression models to establish the occurrence of ADHD from childbirth (2002/ 2003) through 2013. The level of significance was set at P < 0.05. SAS version 9.4 was used for the analysis.
Results
Overall, 554 children (3.1%) were diagnosed with ADHD during the course of this study. Table 1 presents general characteristics of the study participants at baseline. The distributions were similar between infants born in 2002 and 2003. Of the 18,029 participants, 1117 (6.2%), 5171 (28.7%), 8576 (47.6%), and 3165 (17.6%) were included in the low, mid-low, mid-high, and high-income groups, respectively. Fig. 1 displays the results of a group-based model illustrating household income trajectory patterns from birth to age 3 years. Fig. 2 displays the cumulative incidence of ADHD by household income group. The cumulative incidence of ADHD was different across household income trajectories (P ¼ 0.035). The cumulative incidence of ADHD was, in increasing order, highest among children who lived in decreasing (group 5), consistently low (group 1), and consistently mid-low (group 2) income households. Table 2 shows general characteristics according to ADHD status. Among the 554 children with ADHD, proportions were higher for boys, those who lived in urban areas, and those who had comorbid conduct, emotional, and social disorders. Table 3 presents the results of the Cox proportional hazards analysis, which assessed the association between household income trajectories and occurrence of ADHD. Compared to children who consistently lived in mid-high income households, children who lived in decreasing, consistently low, and consistently mid-low income households were likely to have an increased risk of ADHD. Among the children, boys and those who lived in urban areas were more likely to have ADHD. Regarding comorbidity, those who had conduct disorders, emotional disorders, social disorders, tic disorders, autism spectrum disorders, developmental disorders, and intellectual disability were more likely to have ADHD.
Discussion
This population-based cohort study examined the association between changes in household income levels and ADHD in infants born in 2002 and 2003 using data from the KNHICD. This study yielded two major findings. (2) increasing groups: (a) change from mid-low to mid-high and (b) change from mid-high to high; and (3) a decreasing group. Second, our results suggested that the cumulative risk of ADHD was highest for those in the low or mid-low income groups and the decreasing income group during the 4-year period after birth.
Our main findings are consistent with previous research investigating the relationship between SES and ADHD in other populations. Based on the existing literature, the occurrence of ADHD was expected to be significantly higher in children who came from low-income families. 7e10,14,15 A systematic review summarized that conflict/parent-child hostility, inappropriate treatment, or family adversity are associated with ADHD, and that severe early deprivation is a casual risk factor for ADHD. 6 Another study showed that ADHD was associated with a range of indicators of social and economic disadvantages (e.g., poverty, housing tenure, income, lone parenthood, younger motherhood). 29 Our results could not fully explain how low socioeconomic status affects ADHD. However, other studies have suggested that the effect of poverty on mental health in children occurs both directly (via environmental resource constraints) and indirectly (through psychological influence).
Children from high-SES families benefit from an array of services, goods, parental actions, and social connections, whereas children living in low-SES families lack access, putting them at risk for developmental problems. 30 Family income has been shown to indirectly affect child psychopathology via proximal risk mechanisms, such as poor parenting, 31 reduced parental supervision, 32 stressful events, 33 family conflict, and affiliation with deviant peers, 22 which are associated with childhood ADHD.
Regarding the interpretation of our results in terms of a lifecourse study, the increased risk of ADHD in children with consistently low, mid-low, or decreasing family income in early childhood age may have three plausible interpretations. First, the impact of early exposure on different health outcomes may provide evidence of a critical period, during which exposure to advantages or adversity has lifelong effects on subsequent health. The findings of this study are consistent with previous research showing that children born to parents with high education levels were less at risk of ADHD. 10 Our results partially support those reported in relevant literature suggesting that lower family income early in life (ages 0e5 years) was associated with higher odds of a broad range of conduct problems at ages 10 and 11 compared to higher family income early in life, independent of current socioeconomic status. 34 Our results should be interpreted with caution, because we could not compare the effect of SES trajectories on health outcomes with SES in other developmental periods (e.g., 5 years of age or older, during adulthood, or over the whole lifetime). In our study, the critical period was based on the existing literature. The crucial importance of early childhood experiences in development has been widely accepted by professionals and the general public. 35 It has also been suggested that deprivation or an adverse environment during early childhood will permanently influence a child's future growth and behavior. 35 Moreover, cumulative evidence supports the association of household poverty with developmental problems in early childhood. 21, 22, 24, 30, 36 One study suggested that average family income from birth to 5 years was a much stronger predictor of completion of school than was family income measured either between ages 5 and 10 or between ages 11 and 15. 37 Thus, research indicates that the level of family income during early childhood and the subsequent effect on childhood outcomes is critical compared to other periods. As a result, we proposed that exposure to disadvantaged or advantaged economic status during early childhood influences the development of ADHD. In an attempt to understand the association between economic deprivation in early childhood and child development, two theories have been proposed: the family investment model and the family stress model. In the family investment model, household income is associated with positive child development because it enables families to purchase the materials, experiences, and services that benefit a child's development. 38 On the other hand, low incomes adversely influence children by reducing the quantity and quality of investments in children, including time spent on child rearing. Although it does not address how economic circumstances may affect the quality of parenting, this economic theory provides a pathway as to how low economic status or changes in economic status may affect the level of material investments in children.
Another plausible explanation can be drawn from the family stress model. 39 Low income influences a child's development through its impact on parental mental health, which in turn influences parenting practices that are associated with childhood outcomes. Based on these perspectives, it has been speculated that economic deprivation directly influences children's externalizing problems. In addition, low economic circumstances may adversely affect parent's mental health, which in turn may decrease mother-child interactions or lead to poor parenting behaviors. These behaviors may then negatively influence children's development and lead to externalizing problems (inattention/hyperactivity, conduct problems) at age 3 years or older. 24 Second, the risk accumulation model may offer another explanation: exposure to SES adversity (or advantage) accumulates throughout the life course and may compromise (or promote) health in later life. 16 One study suggested that accumulated exposure to low economic resources causes increasing health problems. 40 In the Quebec Longitudinal Study of Child Development birth cohort, children from families living in chronic poverty had more frequent and higher cumulative health problems, and children with intermittent poverty were more often perceived to be in less than very good health by their mothers. Chronic poverty affects many children and has negative consequences for preschool children's health. 41 Our results showed that the decreasing-income group had a significant hazard ratio that was as high as that of the consistently low/mid-low groups. A plausible explanation is that multiple hardships existed (e.g., job loss, bankruptcy, parents' severe depression, or other adversities) within households when household income declined dramatically during short periods. Such hardships may tremendously influence households and child development compared to other income trajectories in the same periods. Third, the adverse influence of downward household income at a young age on the development of ADHD supports social mobility models. These models suggest that those exposed to downward mobility have more accumulated risks compared to their reference groups, whereas those exposed to upward mobility are expected to benefit from status improvement throughout life. In contrast, in a birth cohort study of Brazilians, which focused on changes in family income from birth to 11 years, children whose families were always poor or who became poor between birth and 11 years had greater conduct problems at 15 years of age, but not greater emotional and attention/hyperactivity problems, compared to children whose families had consistently high income. 42 Possible explanations include methodological differences in the measurement of family household income trajectories and the duration of household income trajectories. The authors in the Brazilian cohort study suggested that low prevalence of attention/hyperactivity in some family income categories may result in a lack of an observed association between income trajectories and attention/hyperactivity problems. From a methodological perspective, the Brazilian study measure nine income categories from birth to 11 years old, whereas our study measured seven income trajectories from birth to 3 years old, supporting the important periods of child development and separating exposure periods from occurrence periods. This study expands on previous research by prospectively assessing family income throughout childhood and documenting the effects of accumulation or fluctuation in family income on ADHD. Despite cumulative evidence explaining the association between SES and ADHD, most previous research has measured income at only one time. Few studies have shown that fluctuations in family income are associated with mental health problems, including ADHD. 42 Even when family income has been measured more than once, the dynamics of income during childhood have not been captured, such as the health effects of sustained exposure to low income or transitions into and out of low-income groups. Our findings reinforce the value of analyzing different measures of SES when studying the etiology of health inequalities, especially during childhood. The strengths of this study are its population-based design and data collection from the KNHICD, which is nationally representative. Additionally, we used unique personal identity numbers of each Korean resident and linked them to national insurance and mortality data for follow-up. Despite these strengths, several limitations should be considered. First, the precise age of onset of ADHD among children in our sample was not possible to determine. Therefore, it is difficult to ascertain whether ADHD developed in these children before they had recognizable symptoms of the comorbid psychiatric disorders. Additionally, our estimations could be biased because under-and over-diagnosis may occur when using medical records. Second, the database does not include maternal information on tobacco use, alcohol consumption, dietary habits, or other behavioral factors during pregnancy. However, we attempted to consider these risk factors, given that low SES and low birth weight are associated with maternal behaviors, such as smoking or alcohol assumption. Third, we did not have sufficient data to evaluate the severity of psychiatric comorbidities. Finally, this study used household income estimated from the health insurance premium instead of actual income.
In conclusion, household income trajectory patterns should be considered when investigating SES mobility and risk of ADHD. Our results indicated that social mobility, cumulative exposure, and the critical period (based on previous research) were important in explaining ADHD. These findings suggest that understanding health disparities in Korea and other countries may be best addressed by focusing on childhood. Interventions during these early years of life may help move children onto healthier trajectories, with the hope of maximizing health throughout life.
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